Mechanical stretch of atrial myocyte monolayer decreases sarcoplasmic reticulum calcium adenosine triphosphatase expression and increases susceptibility to repolarization alternans.
The purpose of this study was to investigate the effect of stretch (the major risk factor for atrial fibrillation [AF]) on spatial and temporal alternations of action potential duration (APD-ALT) and calcium transient in cultured atrial myocyte monolayer. How rapid firings or premature beats trigger AF is not completely understood. Discordant repolarization alternans, characterized by simultaneous prolongation and shortening of APD in different myocardial regions, is central to the genesis of ventricular fibrillation. We hypothesized that repolarization alternans also is central to the initiation of multiple re-entry circuits and AF. Confluent HL-1 atrial myocyte monolayer with spontaneous depolarization was cultured in silicone membrane and subjected to mechanical stretch. Rapid field pacing was used to induce alternans. A high-resolution dual optical mapping system was used to record action potentials and calcium transients. High-rate pacing induced APD-ALT and calcium transient in atrial myocyte monolayer. Mechanical stretch significantly decreased the thresholds for APD-ALT and calcium transient. Mechanical stretch decreased the expression of sarcoplasmic reticulum adenosine triphosphatase 2, and thus slower calcium reuptake kinetics, which was responsible for the susceptibility to alternans. Mechanical stretch did not alter the APD restitution kinetics. Mechanical stretch also enhanced spatially discordant alternans. Overexpression of sarcoplasmic reticulum adenosine triphosphatase 2 reversed all the effects of stretch on susceptibility to alternans. In intact atrium, mechanical stretch also enhanced discordant alternans. Mechanical stretch increased the susceptibility to alternans in atrial myocytes, which may explain the susceptibility to AF in conditions of atrial stretch, such as mitral valvular heart disease, heart failure, and hypertension.